Development of an ambiguity-free optical tracking system for SBRT Innovation/Impact: Commercial optical tracking system such as BrainLab ExacTrac© suffers from ambiguous markers which leads to significant delay in SBRT treatment. We developed an ambiguity-free optical tracking system to resolve the issue and streamline the clinic workflow. Introduction: To monitor patient motion during SBRT, commercial system such as ExacTrac uses 4~8 Infra-red (IR) reflective markers affixed on patient skin as motion surrogates. However, when two markers lie in the same 2D plane as the camera sensors, two additional virtual markers (ambiguities) are created which ExacTrac cannot resolve (Fig 1) . Our clinic solution involves covering one of the two markers contributing to the ambiguities. This trial and error procedure causes anxieties and significant delay of treatment. We developed our own optical tracking system which can automatically eliminate ambiguities to resolve the issue.
and ߣ 1 for P 2 on both lines.
Marker pattern matching A backtracking algorithm was developed to build one to one correspondence between optical marker set and reference marker set which is the prerequisite for patient poise estimation (Fig. 2) . The algorithm minimizes ‫ܧ‬ ൌ ∑ ∑ ‖݀ ሺ݅, ݆ሻ െ ݀ ሺ‫ܥ‬ሺ݅ሻ, ‫ܥ‬ሺ݆ሻሻ‖ ଶ ே ୀଶ ேିଵ ୀଵ in an iterative fashion, where d(i,j) denotes distance between two markers and C is the mapping function. Dummy or null markers ("N") are introduced to account for missing or misplaced markers.
Results and Discussion:
We evaluated system accuracy against CBCT using a pelvis phantom. Difference of isocenter displacements detected by our system and CBCT was within 0.5mm in translation and 0.1 o in rotation (Table 1) . The ambiguity elimination algorithm was able to identify and remove ambiguous markers for both synthetic and clinic cases ( Table 2 ). The marker matching algorithm was successful in finding a maximum common set between reference marker set and optical marker set. Missing, misplaced or occluded markers were automatically excluded.
Conclusion:
The developed optical tracking system effectively resolved ambiguity issue associated with the commercial system. It has sufficient accuracy (sub-millimeter) for high-precision SBRT patient positioning and monitoring. It significantly enhances flexibility of marker placement due to its ability to eliminate ambiguities and to tolerate missing or misplaced markers. 
